The aim of this study was to isolate and characterize lactic acid bacteria (LAB) from naturally fermented pork sausages and test them for use as a probiotic starter culture in the production of fermented sausages. LAB (n=26) were isolated from natural fermented pork sausages. Isolates were identified using 16S rDNA or Internal Transcribed Spacer (ITS) region sequencing. After that, strains were characterized based on technological, functional and safety proprieties. A LAB strain was chosen and its survival was tested in simulated gastric juice and intestinal juice. Results indicate that Lactobacillus plantarum (n=15) was the predominant species in fermented sausage, followed by Enterococcus faecium (n=8), Lactobacillus brevis (n=1), Enterococcus durans (n=1) and Enterococcus hirae (n=1). L. plantarum BLS29 strain was selected because it was not able to produce CO 2 and was able to multiply at temperatures ranging from 15 to 37°C, usually practiced during the sausage cure process. BLS29 showed better growth capacity than other isolated LABs when exposed to curing salts, and also demonstrated antimicrobial activity against foodborne pathogens. According to our findings, BLS29 can be a promising strain to be used as a probiotic starter culture for the production of fermented pork sausage.
INTRODUCTION
The demand for new food products has greatly influenced the development of new fermented meat products, even though these products have been considered unhealthy because of the high saturated fat, additives and spice contents (Arihara, 2006; De Vuyst et al., 2008; Macedo et al., 2012) . According to Fiorentini et al. (2010) and Raigorodsky (2011) , the evolution of fermented sausages is relatively old, having emerged from the need of using all body parts of animals as food. The production of fermented sausages was introduced in Brazil by Italian immigrants and, more recently, gave rise to small factories, transforming the economy, especially in Southern Brazil. Salamis and sausages are raw embedded, cured, fermented, matured and dry, and may or may not be smoked (Terra et al., 2004; Ordoñez Pereda, 2005) . In Brazil, these products are classified into eight different classes, according to the composition of meat and fat, type of raw material used and seasoning (Brazil, 2000) . Among these classes are the salamis that are fermented meat products with moisture content below 40%.
Functional foods are defined as: 'foods that contain some health-promoting component(s) beyond traditional nutrients'. One way in which foods can be modified to become functional is by the addition of probiotics (Soccol et al., 2010) . Probiotics are defined as live microorganisms which, when consumed in adequate amounts as part of the diet, may play an important role in respiratory, immune, and gastrointestinal functions and have a significant effect on the clearance of infectious diseases in children and lactose intolerance (FAO/WHO, 2001) .
Foods containing probiotic are considered functional foods and present great commercial interest because its consumption has increased expressively. Although Metchnikoff (1907) has described the benefits of microorganisms to consumers' health, it was only in the last 30 years that the study of probiotics has been intensified, especially in the selection and characterization of probiotic species (FAO/WHO, 2001) . Numerous studies claim that probiotic species contribute to the reduction of cholesterol levels in the blood, prevention and treatment of food-related allergies, assist in the treatment of infections caused by Helicobacter pylori, prevention of cancer and modulation of intestinal flora (Arihara, 2006; El-Ghaish et al., 2011; Yoon et al., 2013) .
Probiotics have been extensively used in dairy product production, but few studies have demonstrated its usage in fermented meat products (Erkkilä et al., 2001; Arihara, 2006; De Vuyst et al., 2008) . In 1998, Germany was the first country to produce salami containing three probiotic strains of intestinal lactic acid bacteria (Lactobacillus acidophilus, Lactobacillus casei and Bifidobacterium spp.). This study highlights the promise usage and development of new probiotic meat products (Hammes and Hertel, 1998) . The development of sausage containing probiotics able to provide health benefits and that ensure the safety of the product is of great interest. Generally, probiotic bacteria of the genus Lactobacillus are capable to produce bacteriocins, inhibiting the growth of Gram-positive bacteria like Staphylococcus aureus and Listeria monocytogenes (Incze, 1998; Guetouache and Guessas, 2015) . Some species of LAB are used as starter cultures, contributing to the sensory quality and with the microbiological safety of industrial fermented products (Leroy et al., 2006) . One way to obtain both characteristics is to use the new generation of 'functional starter cultures ' (De Vuyst, 2000) . Wild strains are naturally dominant in natural fermentation and show a high capacity for metabolic formation of flavor. Natural selected strains are interesting because frequently they produce antimicrobial compounds, enhancing the competitiveness against pathogens (Ayad et al., 2000; Maldonado et al., 2002) .
In recent years, the study of functional cultures has aroused great attention (Erkkilä et al., 2001; Arihara, 2006; De Vuyst et al., 2008) , either using the addition of free probiotics (Pennachia et al., 2006; Leroy et al., 2006) or using encapsulated forms (Muthukurasami and Holley, 2006) . The market for probiotics has been very promising, and are rare products containing meat probiotics (De Vuyst, 2000; Pennacchia et al., 2004; Pennacchia et al., 2006; Leroy et al., 2006; De Vuyst et al., 2008) . This market has been dominated mainly by dairy products, but these cannot be consumed by people with lactose intolerance. In this sense, meat products containing probiotics may have competitive advantage to dairy products (Erkkila et al., 2001; Arihara, 2006; Macedo et al., 2012) . Most of the probiotic bacteria have been isolated from human or animals intestinal tracts, milk or vegetables, however the use of bacteria isolated from meat may contribute to a better sensory quality of the meat fermented product produced (De Almeida Junior et al., 2015) . Considering the need to find new strains with probiotic characteristics that can be used as functional starter cultures, while preserving the technological and sensory characteristics of the sausages, the present study aimed to isolate LAB from fermented pork sausages and to characterize potential probiotic starter cultures for the use in sausage production.
MATERIALS AND METHODS

Isolation of LABs
Microorganisms were isolated from fermented pork sausages produced without the addition of starter cultures from three different batches, produced in a commercial manufacturing plant in the State of Santa Catarina, Southern Brazil. Samples of 25 g of pork *Corresponding author. E-mail: luciana.senter@ifsc.edu.br. Tel: +55-49-3441-7900.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License sausage were diluted in 225 ml of 0.1% peptone water and were homogenized inside sterile plastic bags with a stomacher (Easy Mix, AES Chemunex, Rennes, France). One aliquot of 1000 µl of each dilution was inoculated on MRS agar (Man Rogosa and Sharpe, Acumedia, Baltimore EUA), using pour-plate method, and plates were incubated at 37°C for 48 h using anaerobic jars (Permution, Curitiba, Brazil) . After incubation, different colonies were randomly selected and checked for its purity, being analyzed after Gram staining. All selected isolates were stored at -20°C in 30% (v / v) glycerol and propagated into tubes containing 5 ml of MRS broth, before next experiments.
Molecular Identification of Isolates
Genomic DNA of isolates was extracted and the 16S rDNA genes were amplified by PCR using the following universal primers: 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1525R (5'-AAGGAGGTGWTCCARCC-3') (Lane, 1991) . For those samples whose identification by 16S rDNA was not possible or inaccurate, the 16S-23S rDNA intergenic spacer region (ITS) was amplified using bacterium specific universal primers 13BF (5'-GTGAATACGTTCCCGGGCCT-3') and 6R (5'-GGGTTYCCCCRTTCRGAAAT-3') (where Y=C or T, R=A or G) (Gurtler and Stanisich, 1996) . The sequencing reactions were carried out using the same primers previously used in both PCR reactions (Ludwig Biotec, Porto Alegre, Brazil). The 16S and ITS sequences obtained were submitted to the BLAST search program of the National Center for Biotechnology Information website (NCBI, http://www.ncbi.nlm.nih.gov) in order to search for homologous sequences. BioEdit (Hall, 1999) was used to edit sequences and for the construction of 16S and ITS contigs.
CO2 and exopolysaccharides production
The production of carbon dioxide gas (CO2) was determined using MRS broth inside glass tubes with inverted Durham tubes. Ammonium citrate was replaced by ammonium sulfate in order to induce glucose use for fermentation. The tubes were incubated during 48 h at 37°C and gas production was verified from the glucose fermentation. Exopolysaccharides production was determined checking the growth of the strains on MRS agar, substituting glucose by 5% of sucrose. The plates were incubated for 7 days at 25°C and checked for exopolysaccharides production by negative staining (Hugas et al., 1993) .
Acidification capacity
The acidification capability of isolates was determined using tubes containing 10 ml of MRS broth (pH 6.6) without KH2PO4, but containing ammonium citrate, 0.3% of sodium citrate (Dinamica, São Paulo, Brazil) (Hugas et al., 1993) . The pH level was evaluated after 48 h of incubation at 37°C (Tec-5 electrode Mettler Toledo, Tecnal, Piracicaba, Brazil). The mean value of three pH measurements was calculated.
Tolerance to sodium chloride and sodium nitrite
Isolates were checked according to their tolerance for 5 and 8% NaCl (Vetec, Duque de Caxias, Brazil), to the tolerance of 3% NaCl associated with NaNO2 (Vetec, Duque de Caxias, Brazil) and of 200 ppm for check the ability of growing in MRS broth after 72 h, at 37°C incubation (Hugas et al., 1993) . Growth was determined by the McFarland scale.
Growth at different temperatures
The capacity of one probiotic growing at different temperatures is a very important property for the production of sausages. The temperatures of growing were investigated using MRS broth incubated for 72 h at 15, 37 and 45°C. The growth at 4°C for seven days was tested as well (Dalla Santa, 2008) and checked with MacFarland scale.
Determination of antagonistic activity
The antagonistic activity of each LAB isolate was determined by the presence of a growth inhibition zone of a specific foodborne indicator strain around the spot of LAB. For assessment of antagonistic activity, 5 µl of overnight LAB cultures were spotted on MRS agar plates and incubated at 37°C, for 24 h, in microaerophilic conditions. After this period, the plates were treated with chloroform, during 30 min, and residual chloroform was evaporated, with the lids open for another 30 min. Then, 10 8 colony forming units (CFU)/ml of the pathogen in BHI soft-agar (0.75% w/v) (Himedia, Mumbai, India) were inoculated using the overlay method. LAB isolates were tested against Salmonella enterica serovar Enteritidis SE86 (one of most important foodborne pathogen in the State of Rio Grande do Sul, Southern Brazil) (Tondo and Ritter, 2012) , Salmonella Typhimurium (ATCC 14078), Staphylococcus aureus (ATCC 14458), Escherichia coli O157:H7 (ATCC 43888), Bacillus cereus (ATCC 33010), and Listeria monocytogenes (ATCC 6477). After incubation under anaerobic conditions, the diameters of the inhibition zones were determined with a caliper (Martins et al., 2010) .
Tolerance to simulated gastric juice and intestinal juice
The BLS29 strain was tested for its tolerance to the upper gastrointestinal tract by using simulated gastric and intestinal juices, according to Meira et al. (2012) with modifications. The simulated gastric juice solution was daily prepared with 3 mg/ml of pepsin (Sigma Aldrich, St. Louis, USA), 0.5% NaCl and acidified with HCl until pH 4.0, 3.0, 2.5, and 2.0. The simulated intestinal juice consisted of 1 mg/ml of pancreatin (Sigma Aldrich, St. Louis, USA), 0.5% NaCl, with or without 5 g/l of porcine bile, and pH 8.0 (Sigma Aldrich, St. Louis, USA). The solutions were sterilized using 0.22 µm membrane filter. After two propagations, L. plantarum BLS29 cultures incubated 24 h in MRS broth were concentrated by centrifugation (12,000 g for 5 min), washed twice in phosphate buffer pH 7.0 and suspended in 0.5% NaCl solution. Two hundred microliters (200 μl) of the cell suspension were incubated at 37°C in a bath (De Leo, Porto Alegre, Brazil) in the presence of 1.0 ml of simulated gastric juice. Viable cell counts were carried out at initial time (0h), 3 and 4 h of exposure to simulated gastric juice, in order to simulate intestinal transit tolerance. The BLS29 cells that survived to pH 2.0 (acid-exposed) were inoculated in simulated intestinal juice as well as a control consisting in a suspension of non-acid-exposed BLS29 cells.
Hemolysis
Lactobacilli strains were cultured on blood agar plates and incubated for 48 hours at 30 ºC (Maragkoudakis et al., 2006; Meira et al., 2012) . Strains that did not change the medium (γ-hemolysis) or that produced a clear green halo around the colony (α-hemolysis) were classified as non-hemolytic, while strains that showed a lytic zone around the colony were classified as hemolytic (β-hemolysis). 
RESULTS
Isolation and characterization of microorganisms
Twenty-six (26) isolates of LAB were isolated from pork sausage starter-free manufactured in a meat processing unit in the western part of the State of Santa Catarina, Southern Brazil. On the basis of 16S rRNA gene and ITS region sequencing data, isolates were identified as belonging to the genus Lactobacillus and Enterococcus (Table 1) . L. plantarum was the most frequently isolated microorganisms. The accession numbers were identified and corresponded to the sequences of Genbank, where the highest identified scores after submitting the sequence query to the BLAST tool were obtained.
Exopolysaccharide, CO 2 and hemolysis production
All strains produced exopolysaccharides on MRS plates supplemented with 5% of sucrose. None of the Lactobacillus strains were positive for hemolytic reaction and only BLS27 L. brevis producing CO 2 .
Acidification capacity, salt tolerance and growth at different temperatures
All the isolated strains were tested for their ability of acidification, tolerance to curing salts and capacity of growing at different temperatures (Table 2 ). This was done in order to select a fermentative strain with the potential to be used in the preparation of sausage with functional culture. Among the L. plantarum strains, BLS29 was chosen and tested for its probiotic potential, based on the high acidification of MRS broth; BLS29 grow well in the presence of curing salts and grow at temperature of 15°C, what is usually practiced during sausages ripening.
Antimicrobial activity
All lactobacilli isolated from pork sausages were tested (Table 3) , and demonstrated to be able to inhibit all pathogens.
Tolerance to simulated gastric juice and intestinal juice
The BLS29 strain showed good potential to be used as a probiotic for the production of pork sausages, because demonstrated ability to produce exopolysaccharides, but not CO 2 , was tolerant to cure salts, was able to acidify MRS broth, was able to grow at different temperatures and demonstrated the ability for inhibiting food pathogens. Based on these characteristics, BLS29 was chosen for further experiments and was tested for the resistance to simulated gastric juice and intestinal juices (Tables 4 and 5 ). BLS29 was incubated at 37°C, and then subjected to simulate gastric conditions for up to four hours. An initial reduction of 3 log was observed, however about 5 log of BLS29 remained viable. Both preparations of L. plantarum BL29 exposed to the gastric juice at pH ranging from 4.0 to 2 as the control non-acid-exposed were able to survive and could also tolerate the exposure to the bile salts for four hours, demonstrating tolerance to the passage through the intestinal tract, emphasizing that there were no significant difference in the viable cells counts, demonstrating its potential as a probiotic microorganism.
DISCUSSION
In spontaneous fermentation, it is common to find several species of lactobacilli like L. sakei and L. curvatus (Hugas et al., 1993) , staphylococci, micrococci, and enterococci, however in the present study we reported the prevalence of L. plantarum and E. faecium in a pork sausage. L. plantarum are homofermentative and facultatively heterofermentative microorganisms widely distributed in nature (fermented vegetables, meats, dairy products and intestines), and possesses an expressive metabolic versatility, what is an important characteristic for potential probiotics intended to be used in foods. Depending on the glycolytic pathway, L. plantarum can produce different amounts of lactic acid, being that in the homofermentative route, more than 90% of substrate is converted in lactic acid under anaerobic conditions. On the other hand, the heterofermentative pathway produces, in addition of lactic acid, acetic acid and carbon dioxide, both undesirable by-products in sausage. Nevertheless, it was demonstrated that the salt concentrations (6-8% NaCl) found in dry sausages may alter the pattern of fermentation, leading to the production of less acetic acid and more acid latic under aerobic conditions, showing the plasticity of using this kind of microorganism for meat fermentation (Bobillo and Marshall, 1991) . The flavor of sausages can be attributed to Lactobacillus, enterococci, and other LAB that have several metabolic pathways, such as proteolytic, lipolytic and esterolytic (Sarantinopoulos et al., 2001) . As examples of this, the flavor both of the Mediterranean cheeses and the fermented sausages have been attributed to LAB (Hugas et al., 1993) . Enterococci are generally associated with the fermentation of meat products, being detected in low numbers as 10 2 -10 5 CFU g -1 at the final products (Samelis et al., 1998; Franz et al., 2003) . These bacteria are especially found in handmade products of Southern Europe, and can contaminate meat at the time of slaughter.
In our study, only bacteria belonging to the genus Lactobacillus were tested, since, in spite of being characterized as probiotics, enterococci may possess virulence factors that precludes its use as a food starter (Franz et al., 2003) . Although some Enterococci strains have been characterized as functional microorganisms, some of these bacteria may have plasmids, including some that may be related to resistance factors to antibiotic and pathogenicity. Therefore, is not recommended to use this type of microorganism in food as starter (Franz et al., 2003) . In the production of sausages, it is important that LAB be homofermentative to prevent the production of voids caused by the production of carbon dioxide, which would result in a displeasing appearance (Terra et al., 2004; Ordoñez Pereda, 2005) . Although BLS29 to be facultatively homofermentative, the bacteria did not produced gas during tests, because it is isolated from sausage with sensory characteristics acceptable to the population. Heterolactic bacteria can produce acetic acid, which in high quantities can produce astringent taste, as is the case L. brevis BLS27.
Production of exopolysaccharides by the isolates investigated in this study were considered a positive characteristic for the production of sausages, because it can contribute to the organoleptic properties, such as flavor and texture of the final fermented food, since the exopolysaccharides can improve thickening and emulsifying properties of the product (Ballús et al., 2010) . Furthermore, production of exopolysaccharides may contribute to the adhesion of probiotics to the intestine, contributing to the colonization of this surface (Sanders and Klaenhammer, 2001) .
Although bacteriocins produced by LAB are generally inefficient to inhibit Gram-negative bacteria, our results demonstrate that S. Enteritidis and S. Typhimiurium were inhibited by the LAB isolated. Similar results were demonstrated by Hu et al. (2013) , who described a bacteriocin called plantaricin 163, produced by L. plantarum that showed broad inhibitory activity against foodborne pathogens including S. Typhimurium, E. coli, and also L. monocytogenes, and S. aureus. The authors indicated that this bacterium has potential to be used as a biopreservative in the food industry. Gong et al. (2010) have reported the action of plantaricin MG against L. monocytogenes and S. Typhimurium. Lee et al. (2014) reported that L. plantarum HY7712 demonstrated good results against the impairment of NK-Cells activity caused by y-irradiation in mice. These studies showed the benefit action of L. plantarum in functional food, highlighting the possible use of this functional starter.
In order to provide beneficial effect to the hosts, microorganisms used as probiotics must reach and colonize the intestine, and for that they must survive the gastric acidic fluid and bile salts. These abilities were demonstrated by BLS29. It is remarkable that BLS29 demonstrated a population increase in the presence of pancreatin with or without bile salts and similar results were obtained by Pennacchia et al. (2004) studying Lactobacillus strains from fermented sausages, in Italy.
Some factors may negatively impact on the development of functional cultures in meat environment, as the concentration of curing salts, low pH and water activity (De Vuyst et al., 2008) , so it is appropriate to use strains adapted to these conditions (Hugas et al., 1993; Pennacchia et al., 2006) . Therefore, the BLS29 strain was chosen for follow-up study, since the strain survived well to this kind of conditions, i.e. growing at temperatures prevailing during maturation of fermented meat products and developed well in the presence of curing salts.
Besides the Good Manufacturing Practices (GMP) that should be adopted in the production of meat products in order to prevent contamination, a quick acidification carried out by LAB and the production of bacteriocins may contributes to the inhibition of food pathogens such as Salmonella, E. coli, S. aureus and L. monocytogenes.
The flavor of fermented foods depends on several factors, mainly by the quantity and quality of the source, amount and type of ingredients (meat, salt, and spices), temperature, processing time, smoking, and type of starter culture used (Leroy et al., 2006) . The involvement of proteolytic enzymes also have their contribution to the liberation of peptides that together with free fatty acids, resulting in the action of lipases, lead to volatile compounds, giving the characteristic odor and flavor characterized of each fermented sausage (Leroy et al., 2006) . These enzymes may originate in parts by the raw material itself, and most often by the starter culture fermentation. With the exception of the post-mortem glycolysis, the catabolism of carbohydrates is carried mostly by LAB which produces compounds such as lactic acid, acetic acid, ethanol, acetoin, and other complex compounds which contribute for the flavor of sausages (Viallon et al., 1996; Leroy et al., 2006) . The fast acid production observed in BLS29 is an important factor that contributes not only to the development of pleasant sensory characteristics, but also to the microbiological safety of the product.
In conclusion, this study demonstrated that BLS29 L. plantarum presents probiotic potential, and can be used in the production of pork sausages. However, in order to confirm its functional and sensory properties more studies are necessary, mainly those that apply this microorganism in the production of pork meat sausages.
